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ABSTRACT
The Whip-poor-will (Caprimulgus vociferous) is a nocturnal insectivorous bird 
that requires forested habitat for nesting but also frequently uses open habitats such as 
forest edges, scrub, and agricultural areas for foraging. The notion that Whip-poor-wills 
require resources that occur within distinctly different habitat types implies that their 
distribution and abundance may be influenced by the spatial association of required 
patches within a broader landscape. This study examines the influence of landscape 
configuration on the density, distribution, and activity patterns of the Whip-poor-will in 
an intensively managed timber landscape.
Whip-poor-wills were sampled between dusk and dawn within 59 survey plots to 
determine the influence of patch context (i.e., the immediate habitat type) on the 
distribution within mature pine plantations. The edge of forested stands bordered by 
similar habitat support lower bird densities compared to edges of forested stands bordered 
by mid-rotation (7-11 year old) or open (1-5 year old) stands. Whip-poor-will’s 
responses to landscape structure were likely due to proximity and use of foraging 
habitats. Results also illustrate that landscape complexes containing both forested and 
open habitats represent higher density breeding areas compared to forest-forest 
complexes.
The effect of landscape setting on home range size was then studied to determine 
if space use systematically varied in accordance with the results of call-count surveys. 
Twenty-seven Whip-poor-wills were fitted with radio transmitters and tracked in 
homogenous (forest stands bordered by other forest stands) and heterogeneous landscapes 
(forest stands bordered by open stands). Home range size varied over three orders of 
magnitude from 1.1 to 154.4 ha. However, landscape type (heterogeneous vs. 
homogeneous) was not determined to have a systematic influence on home range size. 
Although the underlying source of this variation remains unclear, there may be a number 
o f factors within the current investigation that may influence home range size. Some 
factors make it difficult to account for discrepancies between observed patterns and that 
expected based on call-counts.
Large habitat openings created by regeneration practices and extensive linear 
openings created by logging roads and row thinning appear to enhance landscape quality 
and provide Whip-poor-wills with foraging opportunities not likely present in non­
managed forests. Because of this Whip-poor-will populations may be influenced by 
management activities. However, information collected from telemetry study provides 
no evidence of systematic variation in home range suggesting that home range may not 
be under management control.
Distribution, Abundance, and Home Range of the Whip-poor-will 
(Caprimulgus vociferus) in a Managed Forest Landscape
2Introduction
The Whip-poor-will (Caprimulgus vociferous) is a medium-sized nightjar (Order: 
Caprimulgiformes) that varies from 22-26 cm in length and 43.0-63.7 g in body mass 
(Cink 2002). It is taxonomically separated into two broad groups: Western Whip-poor- 
will (arizonae group) that contains 5 subspecies, and Eastern Whip-poor-will (vociferous 
group) that contains 1 subspecies (AOU 1998). The breeding range C. v. vociferous (i.e., 
the subspecies studied in this thesis) extends from Southern Canada south to northwest 
South Carolina and west to eastern Okalahoma. The winter range occurs from northern 
Mexico east to South Carolina and south to Costa Rica. Whip-poor-wills are nocturnal 
insectivores that remain inactive at roost sites during the day. Whip-poor-wills are 
probably best known in folklore and popular culture from their nocturnal onomatopoetic 
song. The Chuck-will’s-Widow (Caprimulgus carolinensis) is its closest taxonomic 
relative and is often mistaken for the Whip-poor-will in the southeastern U.S. due to the 
similarity in nocturnal calling habits.
Members of the Caprimulgiformes represent some of the most enigmatic bird 
species that breed in North America. This is largely due to the fact that they are 
relatively understudied because of the difficulty in examining their nocturnal activity and 
cryptic behavior. Most of what is known about Whip-poor-wills is based on general 
accounts or incidental observations of a few individuals.
3Habitats known to be occupied by Whip-poor-wills during breeding are generally 
based on the aggregation of anecdotal reports published in breeding bird atlases and other 
general accounts (Hall 1983, Wilson 1985, James and Neal 1986, Mills 1987, Reese 
1996, Eastman 1991, Peterjohn and Rice 1991, Robbins 1996). These reports have 
broadly summarized occurrence in dry deciduous or mixed pine-deciduous forests with 
little or no understory. Wilson (1985) surmised that an open understory was more 
important than forest composition alone. Although forested habitats are required for 
nesting, the species frequently uses open habitats such as forest edges, scrub, and 
agricultural areas for foraging (Bent 1940, Cooper 1981, Brewer et al. 1991, Peterjohn 
and Rice 1991, Robbins 1996). Based on these general reports, the distribution and space 
use of Whip-poor-will may not only depend on the intrinsic structure of forest patches, 
but also on the proximity and configuration of open habitats. This implies that Whip- 
poor-will distribution may be influenced by the availability of patches in a broader 
landscape. Cooper (1981) provided the first quantified landscape-level examination of 
the species in Georgia. Whip-poor-wills were most abundant in agricultural settings that 
were 90 % forested and declined when forest cover was reduced to 50 %. Santer (1992) 
and Reese (1996) also described how loss of forest cover resulted in local extirpations in 
Pennsylvania and Maryland respectively.
Whip-poor-wills capture prey at night using a visual field and aerial maneuvers 
directed from on or near the ground (Bent 1940, Mills 1986). This species possesses 
several morphological and behavioral adaptations to accommodate their nocturnal life 
history. The most peculiar example of these traits is a well developed tapetum lucidum,
4a layer of iridescent cells behind the retina that increases light sensitivity of their 
surroundings to detect prey in dim light conditions (Nichol et al. 1974). Other 
adaptations for foraging include an enormous gaping mouth (36-37 mm) lined with rictal 
bristles near the base to capture and secure large insects. Their diet consists primarily of 
moths (Lepidoptera), beetles (Coleoptera), and various other insects (e.g., Hymenoptera, 
Plecoptera) (Cink 2002). Foraging activity has been shown to increase with lunar light 
intensity allowing them to exploit back-lit insects (Mills 1986). Like other 
Caprimulgiformes, Whip-poor-wills are faced with the difficulty of foraging during a 
time when their lunarphobic prey are most inactive (Mills 1986, Bayne and Brigham 
1995). The timing of breeding has also been suggested to be arranged so that the 
energetic demands of young are at their peak when light conditions are optimal for 
foraging.
The breeding system of Whip-poor-wills is monogamous and male Whip-poor- 
wills defend territories throughout the breeding season. Territorial behavior includes 
persistent vocalizations during periods of bright moonlight and rigorous defense against 
intruding males. Both males and females participate in incubation and brood rearing 
activities. A typical clutch consists of only two eggs that are laid directly on the ground 
leaf litter (Bent 1940, Cink 2002). Incubation generally lasts from 19-21 days and young 
are fledged within 18-20 days after hatching (Mills 1986, Cink 2002).
Range-wide fluctuations in populations of Whip-poor-wills have been implied 
from a number of reports. Results from the annual North American Breeding Bird 
Survey (BBS) (Sauer et al. 2003) indicate annual population declines of 2.2 % between
51966 and 2002 over its entire range. However, the BBS does not provide a reliable 
estimate for this species because surveys are conducted during diurnal periods when 
Whip-poor-wills are inactive. Most breeding bird atlases have reported population 
declines over the past two to three decades (sensu Cink 2002). Range expansions have 
also been observed into the Piedmont and Coastal Plains of South Carolina (Post and 
Gathreaux 1989) and Georgia (Cooper 1982) during the 1970’s. Reasons for the decline 
and increases of Whip-poor-wills have generally coincided with respective losses or 
gains of suitable breeding habitat (Mills 1987, Santer 1992, Reese 1996). In the 
southeastern U.S., changes in forest composition through conversion of natural habitats 
into pine plantations (Ware et al. 1993) and reforestation of abandoned farmland (Cooper 
1982) have most likely contributed to the observed range expansions.
The decline of Whip-poor-will populations has followed a general trend among 
other neotropical migratory birds that depend on forest and early successional habitats for 
breeding (Askins et al. 1990). Concern for declining neotropical migratory bird 
populations has generated a number of conservation and monitoring efforts (e.g., Carter 
et al. 2000). Because Whip-poor-wills are not adequately sampled during continent-wide 
survey programs such as the BBS, many state wildlife agencies and concerned 
conservation groups have recently initiated specific monitoring efforts designed to collect 
much needed information on Whip-poor-will populations. These efforts will help in 
setting management priorities for the species.
Many of the detailed aspects of habitat use by Whip-poor-wills remain unknown 
despite concerns stemming from population declines. A primary objective of the studies
6presented in this volume is to define factors that influence breeding density and space use 
of this poorly understood species.
7CHAPTER I
DISTRIBUTION AND ABUNDANCE OF THE WHIP-POOR-WILL IN 
A MANAGED FOREST LANDSCAPE
Species that successfully utilize heterogeneous landscapes may be influenced 
both by the characteristics of a habitat patch (e.g., food supply, predation risk, 
competitive interactions) and the characteristics of surrounding patches. The 
dependence of resources not contained in a single patch type forces such species to 
broaden habitat use to include requisite patches. For such species, the spatial 
organization of habitat patches is an important landscape characteristic that 
determines distribution and abundance (Szaro and Jackie 1985, Pearson 1993, Sisk et 
al. 1997, Watts 1997).
The Whip-poor-will is a nocturnal insectivorous bird that requires forested 
habitat for nesting but also frequently uses open habitats such as forest edges, scrub, 
and agricultural areas for foraging (Bent 1940, Cooper 1981, Brewer et al. 1991, 
Peterjohn and Rice 1991, Robbins 1996). Because of this, its distribution may not 
only depend on the intrinsic structure of forest patches, but also on the proximity and 
configuration of open habitats. In highly managed landscapes, the creation of early 
successional habitat through forest regeneration practices may have widespread 
implications for population distribution and structure. Over the past two to three
decades, large timber corporations have begun to implement intensive management 
operations to produce sustained yields of valuable pine species. Silvicultural 
techniques associated with plantations greatly affect landscape composition and 
intrinsic forest structure (Thompson et al. 1995, Franklin and Forman 1987). 
Although specific silvicultural techniques vary with factors such as forest product 
(e.g., pulpwood, wood fiber, or saw-timber) and tree species, planting with high 
stocking levels and uneven aged management produced by clear-cutting on relatively 
short rotation schedules (usually 20-25 years for pulpwood/fiber production) are the 
dominant practices (USDA Forest Service 1990). The practice of clear-cutting 
truncates forest succession and prevents development of characteristics associated 
with old-growth forests. Similarly, plantation harvesting creates a specific age-class 
distribution of habitats that differs in scale and frequency from disturbances in natural 
landscapes. As a result, landscapes under intensive management often contain a 
spatial mosaic of uneven stand ages created from staggered harvest cycles where 
adjacent patches are separated by abrupt edges. In addition, these landscapes 
typically contain more early to mid-successional stands compared to natural areas.
The purpose of this study is to investigate the effect of landscape composition and 
spatial arrangement of habitat patches created by intensive pine plantation 
management on the distribution and abundance of the Whip-poor-will. Specifically 
the objective was to determine if and how open habitats in landscape mosaics affect 
this species distribution.
9Methods 
Study Area
This study was conducted on a 30,000 ha forested tract located in eastern 
North Carolina (approximately 35 30 N lat., 76 60 W long.) that is managed primarily 
as a loblolly pine (Pinus taeda) plantation by Weyerhaeuser Company (Figure 1).
The entire tract is divided among 1,010 forest parcels that are individually managed 
on a 30 to 35 year rotation schedule (Wilson and Watts 1999). Pine plantations are 
initially planted as seedlings in parallel rows with a stocking level of 800 to 1,200 
pines/ha. Young regenerating pine plantations (1-6 years after planting) are 
characterized by a dense cover of shrubby plants, a high percentage of ground cover 
of grasses and forbs, and no overstory (i.e., open). Dominant plant types include 
switch cane (Arundinaria gigantea), sweet pepperbush (Clethra anifolia), highbush 
blueberry (Vaccinium corymbosum), and blackberry (Rubus sp.). Mid-rotation 
plantations (7-11 years after planting) are distinguished by a dense, closed canopy 
that shades the understory and significantly reduces ground-level vegetation. After a 
period of stand maturation, plantations are commercially thinned two times (at about 
12-15 years and 19-21 years after planting) before final harvest. Commercial 
thinning creates alternating rows of sheared (treeless) and non-sheared lanes that 
opens the canopy and midstory to allow re-growth of understory vegetation. Pine 
stands have a distinct open appearance for 1 -2 years after thinning until dense 
understory plant types dominated by switch cane, sweet pepperbush, highbush 
blueberry, fetterbush {Lyonia lucida), and gallberry {Ilex glabra) form dense 
impenetrable thickets. Significant midstory regrowth may take from 3-6 yeas after
Figure 1. Location of study area (in black) in coastal North Carolina.
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the first thinning. During this period, pine stands begin to develop increased vertical 
stratification associated with woody plant species growth. Maximal hardwood 
density (average of 150 trees/ha) within a mature stand is not typically reached until 
3-4 years after the second thin. Dominant hardwood trees include red maple (Acer 
rubrum), sweetgum (Liquidambar styraciflua), red bay {Persea borbonia), sweet bay 
{Magnolia virginiana) and tulip poplar {Lirodendron tulipifera). The harvesting of a 
fully mature stand is completed by clear-cutting all pine and hardwood stems. In 
addition, a network of logging roads and drainage ditches permeate the plantation 
landscape. The staggered regime of harvesting and thinning creates a spatial mosaic 
of uneven stand ages across the management tract where adjacent patches are 
separated by distinct boundaries.
Study Design
The influence of landscape configuration was examined using a two-way 
design that compared the effects of matrix habitat conditions (three levels of stand 
age class) and a focal stand type (two levels of stand age class) on Whip-poor-will 
distribution. Stand age classes were selected within the different landscape arrays to 
represent distinct boundary conditions between stands that are produced by uneven 
age management. All focal stands were greater than 15 years old and subdivided 
between two categories; 1) 1-5 years after 1st thin, and 2) 1-5 years after second thin. 
Matrix habitat (i.e., the immediate habitat positioned adjacent to a given focal patch) 
was chosen to represent distinct serai stages that ranged from open regenerating 
stands to mature forest stands. Specific matrix categories included; 1) regenerating
12
stands (1-5 year old after planting), 2) mid-rotation stands (7-10 year old after 
planting) with closed tree canopies, and 3) thinned canopy stands (stand ages after 
commercial thinning).
Two cells of the design (Table 1) compare the effects of a forested matrix 
(i.e., thinned stands) on focal stands that were thinned either one or two times. 
However, different stands were selected for each replicate to avoid pseudoreplication 
(Hurlbert 1984). The 59 replicates were chosen based on availability of each 
landscape array and therefore varied between cells of the study design (Table 1,
Figure 2). Other criteria used in stand selection included stand size and shape. Small, 
narrow stands were avoided to reduce contagious effects from edges of other stands 
not selected for study. Stands chosen for landscape arrays shared at least 350m of 
contiguous edge.
Bird Surveys
Each spatial replicate contained one 5-min, unlimited-radius point count 
(survey plot) that was positioned on logging roads such that the center of the plot was 
placed directly between the focal and matrix stands selected for study. The exact 
location of survey points was chosen to maximize the distance between the 
boundaries of other stands not selected for study. One observer stood at the center of 
the plot and recorded all birds that performed the onomatopoeic “whip-poor-will” 
song. Visual observations and other vocalizations were not included so counts would 
not be biased near the road edge. Thus, surveys are biased to detect singing males 
because they are the only sex known to routinely use this specific vocalization. The
13
Table 1. Number of replicated selected for each cell of the two-way study design.
Matrix habitat Focal habitat
1-5 yr after first thin 1-5 yr after second thin
Open 10 18
Mid-rotation 6 5
Forested 10 10
Figure 2. Map of study area. Black circles indicate general locations of survey plots 
used to sample Whip-poor-wills.
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initial position of all birds detected was recorded by stand, linear distance between the 
bird's position and the center of the plot, and the shortest linear distance between the 
bird and the closest stand edge. This procedure allowed for data to be summarized 
according to detection distance and distribution from a stand edge.
Because Whip-poor-will activity is known to vary with lunar light intensity 
(Mills 1986), the 59 plots were divided into two groups (32 and 27 plots respectively) 
that were sampled during different periods of the lunar phase (new moon, first 
quarter, full moon, last quarter) between 13 May and 17 July 1999 (N = 14 survey 
nights per group). The number of replicates for each landscape type was represented 
nearly equally within each group to avoid bias between survey nights and the order in 
which plots were visited was reversed between successive visits. Surveys were 
conducted by driving between plots on a predetermined route beginning 0.5 h after 
dusk and ending at least 1 h before sunrise. Surveys were not conducted during rain, 
high wind, or if roads could not be navigated due to surface conditions.
Data Analysis
Survey data were summarized for two different purposes within survey plots. 
Inspection of data collected from unlimited radius plots showed that > 85 % of Whip- 
poor-will observations were recorded within regenerating stands when available in 
the landscape and the majority (58 %) of all detections were within 100 m of a stand 
edge. Because of this, density estimates compared between landscapes were sub­
sampled using data collected in both matrix and focal stands that were within 100 m 
from the road edge and > 150 m from the boundary of other stands not selected for
16
study. This subplot was chosen to eliminate observations that may be influenced by 
ecotones other than that specifically selected for study. The survey visit with the 
highest recorded density within each subplot was used for analysis after being 
standardized to birds/10 ha to accommodate variation in area between subplots.
The effects of landscape configuration were examined using two-way 
Analysis of Variance and Tukey’s Honestly Significant Difference (HSD) test for 
unequal sample sizes was used for post-hoc comparisons to determine which factor 
levels (i.e., matrix habitat or focal stand type) were responsible for statistically 
significant results. All data met test assumptions of normality and homoscedacity.
Data were also summarized to examine the effects of landscape configuration 
on the distribution of Whip-poor-wills within and between stands using frequency 
statistics. These comparisons were used to illustrate the importance of forested edges 
on distribution patterns. The accuracy of estimating the position of Whip-poor-wills 
using call counts in this study was confirmed by comparing these data to that 
collected using radio-telemetry (see Chapter 2). Fifty eight percent of detections 
from call count data were within 100 m of a stand edge. Comparably, 60 % of 
locations collected from radio-tracked Whip-poor-wills detections were also within
100 m of a stand edge. Whip-poor-will abundance (low, medium, and high) had no
• * 2significant influence on spatial distribution ( 3 x 2  contingency tables, all y values <
4.5, all P values > 0.20) so frequency comparisons were made using the sum of all 
observations. The distribution of Whip-poor-wills was examined further by 
comparing the distance of all observations collected from within regenerating stands 
to the nearest forested edge to an expected random distance. This comparison was
17
only made for regenerating stands because the open condition allowed estimation of 
Whip-poor-wills locations from opposing edges. Because expected distances vary 
geometrically with stand area and shape, separate statistical comparisons were made 
from five stand size classes; 1) < 20 ha (N = 2), 2) 21-30 ha (N = 4), 3) 31-40 ha (N = 
8), 4) 41-50 ha (N = 4), and 5) stands >51 ha (N = 10). Expected values were 
generated by creating 30 spatially random locations within each stand from digitized 
Geographic Information System (GIS) stand maps using the Animal Movement 
extension (Hooge et al. 1999) and ArcView 3.2 GIS software (Environmental 
Systems Research Institute, copyright 1992-1999). The distance of random points to 
the nearest stand edge was then measured from GIS coverage. The distances of both 
observed and random locations from the nearest forested stand edge were 
summarized into 100 m intervals before comparison.
Results
Landscape configuration had a significant influence on Whip-poor-will 
density detected within subplots (Table 2). Landscapes with the presence of 
regeneration or mid-rotation habitats had significantly greater densities of Whip-poor- 
wills compared to homogenous landscapes that were entirely forested (Figure 3).
There was no significant difference in density between landscapes that contained 
either an open or mid-rotation matrix (Tukey’s HSD for unequal samples sizes, P > 
0.10). The age class of focal stands (1 or 2 thins) did not exhibit a significant effect 
on Whip-poor-will density. Finally, a non-significant interaction tenn indicates the
18
Table 2. Results of a two-way ANOVA for Whip-poor-will density within subplots. 
Factors included matrix habitat (3 levels; open, closed, and forested) and focal stand 
type (2 levels; 1-5 years after 1st thin and 1-5 years after second thin).
Source of 
variation
d.f. SS MS F P
Matrix habitat 2 27.5 13.8 8.7 <0.001
Focal stand 1 0.08 0.08 0.49 >0.80
Interaction 2 7.4 3.7 2.3 >0.10
Error 53 1.58 83.57
Figure 3. Relationship between landscape configuration and Whip-poor-will density. 
Density values are based on data collected within subplots position between matrix 
(open, mid-rotation, and forested) and focal (1-5 years after first thin and 1-5 years after 
second thin). Columns represent individual combinations of each landscape category.
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effects of matrix habitats was consistent across focal stand types.
Landscape configuration also had a significant influence on the distribution of 
Whip-poor-wills between stands ( 6 x 2  contingency table, % = 74.9, P < 0.001) 
(Figure 4). In homogenous landscapes, the frequency of all Whip-poor-wills detected 
within subplots was evenly distributed between forest matrix and focal stands (x" i 
values < 2.3, P values >0.13 for each comparison) but were three to seven times as 
likely to be detected in regenerating or mid-rotation matrix habitats than in an 
adjacent focal (forested) stands (x i values > 4.0, P values < 0.05 for all 
comparisons). Because these data are calculated from the sum of detections over the 
entire study period, they indicate a greater cumulative probability for Whip-poor- 
wills occupying regenerating or mid-rotation patches when available in the landscape.
Overall, Whip-poor-wills showed a strong preference for stand edges. Fifty- 
eight percent of all detections within the unlimited-radius plots were recorded within 
100m of a stand edge (this percentage also included opposing edges of regeneration 
stands not selected for study). Landscape configuration had a significant influence on 
space use of Whip-poor-wills when compared between distances of 0-100 m and 101- 
200m from all stand edges ( 3 x 2  contingency table, x 2 = 10.5, P values < 0.01) 
(Figure 5). Whip-poor-wills in heterogeneous landscapes showed a significantly 
greater probability of being detected within 0-100 m from the stand edge (includes 
observations in either focal or matrix stands) compared to detections at 101 -200 m 
from the stand edge (yj \ = 26.6, P < 0.01, and y 2 \ = 27.7, P < 0.01 respectively). By 
comparison, the frequencies of Whip-poor-will detected in homogeneous landscapes
Figure 4. Distribution of Whip-poor-wills between matrix and focal stands in different 
landscape combinations. Counts for each landscape array were summarized from data 
collected over the entire study period.
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Figure 5. The effect of landscape configuration on the distribution of Whip-poor-wills 
from stand edges. Values indicate total counts over the entire study period.
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2were not significantly different between the same two distance categories (x i = 1 -4, 
P>0.10).
Similarly, the detections of Whip-poor-wills within regenerating stands were 
strongly associated with forest edges. In stands < 20 ha, observed frequencies 
between 0-100 m and 101-200 m were not significantly different from random 
distributions (%2\ = 0.30, P > 0.50). This result is not surprising for these smaller 
stands because the shortest distance between opposing stand edges is generally not 
greater than 400 m. However, observed frequencies across distance intervals in all 
larger stand classes were significantly different from that expected at random (x~2 
=32.8, P < 0.05, x2 3 = 91.6, P < 0.01, X 2 4 -76.2, P < 0.01, and x25 = 85.8, P < 0.01 for 
stands 21-30 ha, 31-40 ha, 41-50 ha, and >50 ha stand size classes respectively). 
Whip-poor-wills were more likely to be detected within 200 m from the forest edge 
compared to random probabilities and less likely to be detected at greater distances 
from the forest edge even in the largest regenerating stands (Figure 6).
Discussion
The distribution of Whip-poor-wills is influenced by the spatial configuration of 
patch types within landscapes defined by the type of adjacent patches. Whip-poor- 
wills were detected more frequently along edges where large habitat openings are 
created by managed forest regeneration compared to edges between two mature pine 
plantations. Whip-poor-wills have been suggested to utilize forested areas for nesting
Figure 6. Percent deviation of observed frequencies of Whip-poor-wills in regenerating 
(open) stands from the forested edge compared to expected frequencies based on random 
distributions. Positive deviations indicate where Whip-poor-wills were detected with 
greaterer frequency than random for a given distance category. Negative deviations 
indicate where Whip-poor-wills were detected less frequently than random for a given 
distance category. Results are shown for: A) stands < 20 ha, B) stands 21-30 ha„ C) 
stands 31-40 ha, D) stands 41-50 ha, and E) stands > 50 ha.
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and open areas such as agricultural fields, scrub, and marshes for foraging (Cooper 
1982, Alexander and Creswell 1990, Peterjohn and Rice 1991, Eastman 1991, Wang 
and Brigham 1997). The notion that Whip-poor-wills require resources that occur 
within distinctly different habitat types implies that their distribution and abundance 
is influenced by the spatial association of required patches within a broader 
landscape.
One possible explanation for the use of open habitats may be greater prey 
availability but this was examined in this study. Both the abundance and richness of 
lepidopteran insects (the primary food item of Whip-poor-wills) is affected by timber 
management within other forest types (Summerville and Crist 2002). Similarly, 
insect abundance is greater at edges of forest-clearcuts compared to forest interiors 
simply enhance foraging success. Wilson (1985) surmised that openness in the forest 
understory may be more important for habitat use by Whip-poor-wills than forest 
composition. Similarly, Hall (1983) and James and Neal (1986) report that Whip- 
poor-wills were absent from dense forests with no canopy breaks in West Virginia 
and Michigan respectively. Whip-poor-wills primarily forage on aerial prey almost 
exclusively using a visual field and short, upward-directed flights initiated from on or 
near the ground. The need for uninterrupted foraging space may be important for 
prey acquisition. In addition, foraging activity increases with lunar light intensity for 
this species (Mills 1986). This pattern has been suggested to be an adaptation for 
finding food by exploiting back-lit insects (Mills 1986). Visual detection of prey may 
be enhanced in open habitats that receive more lunar illumination.
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Whip-poor-will density was greatest at openings created by recently harvested 
plantations implying that large openings represent higher quality breeding areas. This 
relationship is based on the general pattern that breeding bird densities respond 
positively to increases of critical resources (Wiens 1973, Wiens et al. 1985, Mills et 
al. 1991, Lent and Capen 1995, Wortman-Wunder 1997). In short, the greater 
clumping of individuals is a result of an inverse relationship between territory size 
and habitat quality (Smith and Shugart 1987, Jones et al. 2001). Bird abundance 
patterns generally provide a good indicator of habitat quality (Rodenwald and Yahner 
2001). Alternatively, abundance may also be greater in poor habitats when 
nonbreeding males concentrate in population sinks (Van Horne 1983, Pulliam 1988, 
Pulliam and Danielson 1991). It remains unclear whether variation in density 
patterns of Whip-poor-wills between landscape settings was a result of differences in 
breeding status. The addition of unmated males or variation in spacing of males due 
to breeding disposition could lead to bird abundance patterns observed at forest- 
regeneration complexes.
Another uncertainty is whether density patterns were a result of additional 
individuals that used clear-cuts exclusively for both foraging and nesting. Little 
information exists on specific microhabitat requirements for nesting by this species 
and no records exist on the use of early successional habitat for nesting. Typically, 
Whip-poor-wills nest within canopy forests by laying eggs directly on the ground leaf 
litter and near a plant stem (Bent 1940, sensu Cink 2002) but nesting on bare ground 
has also been reported (Peck and James 1983). It may take regenerating stands 3-6 
years before both adequate dense vegetation and leaf litter for nesting are formed.
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However, because Whip-poor-wills were strongly associated with forest edges it 
seems unlikely that higher densities at forest openings created by harvesting were a 
result of individuals exclusively using regenerating stands.
The possible reasons for the frequent use of mid-rotation stands in this study 
are not clear. Because mid-rotation pine plantations (7-11 yrs old) contain the most 
profuse midstory of all forest stand categories selected for study, their observed use is 
inconsistent with the response to habitat openings in this study and elsewhere (Cooper 
1982, Wilson 1985). Mid-rotation plantations support a lower diversity and 
abundance of breeding birds, suggesting that they represent lower quality habitat 
(Thompson et al. 1995, Wilson and Watts 2000). However, Barber et al. (2001) has 
shown that some bird species experience higher levels of breeding success in mid­
rotation plantations compared to regenerating and thinned plantations in Arkansas. 
Whip-poor-wills may be responding to unknown factors associated within mid­
rotation stands that were not quantified in the presented study.
The importance of forest cover in landscapes occupied by Whip-poor-wills 
has been confirmed in a number of reports. Cooper (1981) reported a decrease in 
Whip-poor-will abundance as the amount of forest composition declined from 90 % 
to 50 % within agricultural settings in Georgia. Similarly, Reese (1996) reported that 
small isolated woodlots within agricultural landscapes provide poor habitat for this 
species in Maryland and Santer (1992) attributed urbanization and loss of forested 
habitat for the local extirpations in southeastern Pennsylvania. In the present study. 
Whip-poor-wills remained strongly associated with the edges in forest-regeneration 
complexes irrespective of cutover size. This pattern underscores the importance of
28
forested habitat for breeding and suggests that interior portions of larger cutovers are 
used infrequently. It further implies a limit to the amount of cutover area that may be 
required to supplement foraging opportunities from nearby forested areas. The 
habitat openings created in the forest system exerts a positive influence on overall 
Whip-poor-will abundance because the number and distribution of young 
regenerating stands represent a minor component of a much larger forested landscape.
In general, the responses of Whip-poor-wills to forest openings is similar to 
that of other gap-dependent and forest edge bird species (Whitcomb et al. 1981, 
Robbins et al. 1989, Noss 1991, Hansen and Urban 1992). Because Whip-poor-wills 
are not only influenced by the amount of open habitat but also the spatial 
configuration of open habitats, their overall population levels are subject to 
management control. From this perspective, targeted plans to consider this species 
should focus on a landscape scale and include the spatial and temporal orchestration 
of management activities. Included among these plans should be the determination of 
the effects of uneven aged management on breeding success. Factors influencing 
breeding success have never been studied for this species. Indications of decreased 
breeding success of other ground nesting bird species near openings of regeneration 
stands (Barber et al. 2001, Flashpoler et al. 2001, Manolis et al. 2002) necessitates a 
similar study for Whip-poor-wills.
Landscape characteristics important for Whip-poor-wills include but are not 
limited to a number of interdependent factors such as open habitat area, patch size, 
edge length, and patch configuration. The amount of open habitat area within a 
managed forest system reflects the total amount of area harvested. However,
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characteristics such as edge length and patch size are influenced by the sequence and 
dispersion of harvesting operations (Forman and Godron 1986, Franklin and Forman 
1987). For instance, the total amount of edge in a landscape can be maximized by 
regularly dispersing relatively small cutover patches (i.e., checkerboard arrangement) 
(Franklin and Forman 1987). Cutting larger patches in the checkerboard or 
consolidating harvesting patterns will result in entirely different dimensions of patch 
size and availability. Because open patches are ephemeral due to stand succession, 
management options must also consider temporal planning in order to maintain 
sustained compositions of forest-regeneration complexes.
A relatively high number of habitat openings created by forest regeneration 
practices, and the extensive linear openings created by logging roads and commercial 
row thinning provide Whip-poor-wills with foraging opportunities not present in less 
intensively managed forest systems. The establishment of pine plantations within 
coastal North Carolina is a relatively recent event that dates back only to the late 
1960’s. It is unclear whether or not Whip-poor-wills used natural habitats in this 
same region prior to the recent development of intensive silviculture. The 
commercially-thinned plantations investigated in this study share several habitat 
characteristics with historic natural, tall pocosin that have historically dominated the 
region (Christensen et al. 1981). The two habitat types share similar breeding bird 
communities including some species that exhibit unique distributions (Wilson and 
Watts 2000). The management of these pine plantations may have had little impact 
or perhaps have even enhanced this population of Whip-poor-wills. Whip-poor-will 
have undergone significant range expansion into the Coastal Plains of South Carolina
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(Post and Gauthreaux 1989) and Georgia (Cooper 1982) only as recent as the 1970’s. 
Although the reasons for range expansion are unclear, it is generally believed to be a 
result of large-scale changes in the amount and composition of forest cover.
Range expansion by Whip-poor-wills has also changed the amount of range 
overlap with the Chuck-will’s-widow (C carolinensis). The historical ranges of 
Whip-poor-wills and Chuck-will’s-widows were separated by elevation and 
associated habitat. Whip-poor-wills were generally more abundant than Chuck- 
wili’s-widows at higher altitudes and Chuck-will’s-widows more prevalent at lower 
altitudes (James and Neal 1986). Recent overlaps in these species ranges and shifts in 
relative abundance have coincided with drastic changes in regional forest 
composition. The coastal plain of the southeastern U.S. was once dominated by large 
expanses of longleaf pine (Pinus palustris) forests (Ware et al. 1993). The historic 
range of Chuck-will’s-widows has generally coincided with longleaf pine forests 
(Jackson 1988) and to some extent coastal maritime forest (Reese 1996). Longleaf 
pine forest is characterized by an open understory that is maintained by frequent 
ground-level fires (Komarek 1974, Ware et al. 1993). Conversion of longleaf pine 
forest to other cover types that vary drastically in terms of forest structure has been 
widespread throughout this region. Most notable of these changes are forest types 
that contain dense understory vegetation such as pine plantations (Ware et al. 1993).
The two species are separated by coarse differences in habitat structure among 
areas where they now overlap. Generally, the Whip-poor-will are more tolerant of 
understory vegetation and less tolerant of agriculture than the Chuck-will’s-widow 
(Cooper 1981). The reason for this is based on the general observation that Chuck-
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will’s-widows use more open habitats. This is consistent with the historical use of 
longleaf pine forests by Chuck-wili’s-widows. By comparison, Whip-poor-wills are 
found in more forested habitats, although the importance of habitat openings have 
been presented in this study. Chuck-will’s-widows were detected in low numbers in 
the plantations studied here (unpublished data). Although the two species did show 
some habitat overlap, Chuck-will’s-widows were infrequently observed and generally 
restricted to areas where plantations were surrounded by agriculture. By comparison, 
the Whip-poor-will was frequently detected throughout the entire study area and 
exhibited distinct abundance patterns associated with large scale forest management.
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Chapter II 
HOME RANGE AND SPACE USE PATTERNS OF THE WHIP-POOR-WILL IN 
A MANAGED FOREST LANDSCAPE
The Whip-poor-will is one of the most poorly understood bird species in North 
America. Much of the ecological information collected for the species is based on 
anecdotal information (Bent 1940, Brewer et al. 1991, Peterjohn and Rice 1991. Robbins 
1996) leaving detailed aspects of its life history, including habitat requirements, 
unknown. The dearth of previous research may be due to its nocturnal activity and 
cryptic behavior. It is generally believed that Whip-poor-wills require forested habitat 
for nesting but may frequently use open habitats such as forest gaps (Wilson 1985), 
regenerating pine stands (Mills 1987, Wilson, this volume), scrub, and agricultural areas 
(Cooper 1981) for foraging. The fact that Whip-poor-wills require resources that occur 
within distinctly different habitat types implies that their distribution and abundance may 
be influenced by the spatial configuration of required patches within a broader landscape.
Uneven-aged management is the dominant practice used to manage pine 
plantations in the southeastern U.S. (USDA Forest Service 1990, Ware et al. 1993). Pine 
plantation landscapes often contain a spatial mosaic of uneven aged stands created by 
staggered harvest cycles where adjacent stand types are separated by abrupt edges. Both 
stand condition and landscape context of pine plantations have been shown to have a
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been shown to have a significant influence on Whip-poor-will abundance (Wilson, 
Chapter 1, this thesis). The edge of forested stands bordered by similar habitat support 
lower bird densities compared to edges of forested stands bordered by open (1-5 year old) 
stands. The difference in density across landscape types implies that landscape arrays 
containing both forest and regenerating patches represent higher density breeding areas.
In turn, this relationship also leads to the quantitative prediction that home range (or 
territory size) should be larger in forested stands compared to forest-regeneration 
complexes. In general, home range has been shown to be inversely proportional to 
habitat quality for a number of bird species (Gill and Wolf 1975, Smith and Shugart 
1987, Lent and Capen 1995, Wiens et al. 1995, Wortman-Wunder 1997, Jones et al. 
2001). This relationship is based on general territorial economics that describes the need 
to increase space use when faced with poor habitat patches in order to meet a variety of 
resource demands (Schoener 1968, Brown 1969, Kodric-Brown and Brown 1978, Adams 
2001).
The factors that determine home range of Whip-poor-wills are unknown. In 
general home range size has only been estimated from data collected during call-count 
surveys (Fitch 1958, Hall 1983, Wilson Chapter 1 this thesis). The inherent limitation in 
the use of call-counts is that information collected includes vocalizing individuals only. 
Whip-poor-wills are known to decrease calling frequency during periods of dim lunar 
illumination (Cooper 1981, Mills 1986) creating temporal gaps in collecting spatial data. 
Since variation in illumination may actually contribute to spatial distribution patterns, it 
is important to separate calling patterns from patterns of movement and space use. The 
purpose of this study was to determine patterns of space use and activity in two landscape
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(i.e., the spatial arrangement of different habitat types) and illumination on home range 
and space use within a pine plantation landscape. In addition, data were collected to 
determine the relative importance of open habitats within home ranges of Whip-poor- 
wills.
Methods 
Study Area
This study was conducted on a 30,000 ha forested tract located in eastern North 
Carolina (approximately 35 30 N lat., 76 60 W long.) that is managed primarily as a 
loblolly pine (Pinus taeda) plantation by Weyerhaeuser Company. The entire tract is 
divided among 1,010 forest parcels that are individually managed on a 30 to 35 year 
rotation schedule (Wilson and Watts 1999, Wilson and Watts 2000).
Pine plantations are planted as seedlings in parallel rows with relatively low 
stocking levels (< 1,200 pines/ha). Young pine plantations (1-6 years after planting) are 
characterized by a dense cover of shrubby plants and a high percentage of ground cover 
of grasses and forbs. Dominant plant types include switch cane (Arundinaria gigantea), 
sweet pepperbush (Clethra anifolia), highbush blueberry ( Vaccinium corymbosum), and 
blackberry (Rubus sp.). Mid-rotation plantations (7-12 years after planting and before 
thinning) are dominated by a dense, closed canopy of pine trees and sparse understory 
vegetation. Plantations are normally thinned twice (at about 12-15 years and 19-21 years 
after planting) before the final harvest. Commercial thinning activities create alternating 
strips of sheared (treeless) and non-sheared lanes. Pine stands have a distinct open 
appearance after the first commercial thinning. Understory regrowth may take 1-2
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appearance after the first commercial thinning. Understory regrowth may take 1-2 
growing seasons after thinning before forming dense impermeable thickets. Dominant 
understory plants of thinned plantations include cane, sweet pepperbush, high-bush 
blueberry, fetterbush (Lyonia lucida), and gallberry {Ilex glabra). Significant midstory 
regrowth takes from 3-6 growing seasons after the first thin. During this period, pine 
stands begin to develop increased vertical stratification associated with understoiy, 
midstory, and canopy growth. Maximal hardwood density (average of 150 trees/ha) 
within a mature stand is not typically reached until 3-4 years after the second thin. 
Dominant hardwood trees include red maple {Acer rubrum), sweet bay {Magnolia 
virginiana), and tulip poplar {Lirodendron tulipifera). The harvesting of a fully mature 
stand is completed by clearing all pine and hardwood stems. The staggered regime of 
harvesting and thinning creates a spatial mosaic of hard boundaries between adjacent 
forest stands. In addition, a network of logging roads and drainage ditches permeate the 
plantation landscape creating linear forest openings.
Study Design
The influence of landscape structure was examined by comparing the effects of 
matrix habitats (the immediate habitat that is adjacent to a given forest patch) and forest 
habitats on home range, space use, and activity patterns of Whip-poor-wills. Two 
landscape arrays were chosen to represent edge conditions between adjacent stands. 
Categories included; 1) homogenous landscape (forest stands adjacent to similar, forested 
matrix habitat) and 2) heterogeneous landscape (forest stands adjacent to open stands). 
Open stands included regeneration stands that were 1-3 years old and forest stands
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included stands that have been commercially thinned. Other criteria for stand selection 
included stand size, shape, and position. Small, narrow stands were avoided to reduce 
contagious effects from edges of other stands not selected for study. Similarly, stands 
selected within homogenous landscapes were positioned so there was no direct access to 
any open stands.
A spatial replicate consisted of one male Whip-poor-will that was captured, fitted 
with a radio transmitter, and tracked during selected periods and different nights of the 
study. The final number of replicates representing each landscape type reflects the 
number of birds that were captured and tracked within each landscape condition (N = 11 
for homogeneous landscape, N = 16 for heterogeneous landscape). At three locations, 
two birds relocated after the initial capture and transmitter placement to use opposing 
forest edges that bordered the same open stand. However, each of these birds was treated 
as an independent replicate within the heterogeneous landscape cell.
Radio Telemetry
Radio telemetry was used to determine home range, space use, and activity 
patterns of Whip-poor-wills. Whip-poor-wills were initially captured using 61mm mesh 
mistnets that were 12-m long and 2-m high. A series of mistnets were erected within 
selected landscape settings. An audio lure consisting of a continuous loop tape that 
broadcasted the onomatopoetic, male “whip-poor-will” call by means of a cassette player, 
amplifier, bell horn speaker, and car battery as a power source, was played continuously 
until a bird was captured or until it became apparent that there was no response (after 2-3 
hrs). Captured birds were banded with a U.S. Fish and Wildlife Service aluminum tarsal
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band, aged and sexed according to plumage characteristics, and affixed with a LTM 
single stage radio transmitter (Titley Electronics, New South Wales, Australia). The 
transmitters were attached to birds using a modified backpack harness. The transmitter 
unit was 22 x 11 x 4 mm with a 23 cm wire whip antenna to transmit a radio signal.
Mass of the transmitter and backpack harness was approximately 2.6 g (less than 5 % of 
any captured bird’s body mass). Transmitters were fastened to backpack harnesses by 
gluing two lugs to the dorsal side of the transmitter. One end of an elastic cord with a 
black polyester cover was inserted through one lug, passed underneath the transmitter and 
inserted in the opposite end of the lug. The process was repeated with the other end of 
the cord to fashion a criss-cross harness with the transmitter positioned between the 
wings on a bird’s dorsum and held in place by tension of the cord around the breast and 
abdomen. Transmitters were also glued to a bird’s scapular feathers to maintain its 
position before the cord was pulled taut across the breast.
Data Collection
Nocturnal locations of Whip-poor-wills were determined from two stationary 
observation points between 8 June through 31 July 2000 and from 3 stationary 
observation points between 13 May and 1 August 2001. Observation points were 
positioned along logging roads so that they were between the focal and matrix stands.
The position of each bird was sampled on three nights of each quarterly lunar phase 
during each year (Table 3). During the first year of study, three to four relocations were 
collected over a 15-min period whereas five to ten relocations were collected over a 20- 
min period during 2001. Each station had one observer that used a radio tracking
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Table 3. Dates o f lunar phases during the study period.
Year New Moon First Quarter Full Moon Last Quarter
2000
2 June 9 June 16 June 25 June
2001
1 July 
31 July
8 July 16 July 24 July
23 May 
21 June
29 May 
28 June
6 June 
5 July
15 May 
14 June
20 July 27 July — 13 July
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receiver (Wildlife Materials, Inc.) equipped with a three-element folding yagi antenna 
and radio headphones to obtain transmitter signals. Observers at each station registered 
simultaneous compass bearings to the position of the bird determined from the intensity 
of the radio signal. Additional information collected with each sample included the 
percent of lunar illumination, height of the moon (degrees above the horizon), cloud 
cover, air temperature, and wind speed. The order in which birds were sampled varied 
between nights so data on each bird was uniformly collected during different periods of 
moon height.
Data Summary and Analysis
Geographic locations of stationary observation points were determined using a 
Trimble Geoexplorer geographic positioning system unit and Pathfinder Office Software. 
Coordinates for these positions were corrected by comparing coordinates taken from a 
fixed base station. Whip-poor-will geographic locations were then calculated from 
compass bearings and observation points using LOAS software (Ecological Software 
Solutions) to produce a series of x and y geographic coordinates. The accuracy of 
determining Whip-poor-will geographic locations increases with the number of 
observation points used to collect telemetry data. This is due to the fact that additional 
observation points eliminate observer errors when determining compass bearings to bird 
locations. Because of this, data collected from three observation points during the second 
year of study were used to eliminate errors in calculating geographic locations associated 
with using only two observation points in the first year of study. Inspection of data
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collected during the second year of study revealed that the deviation between locations 
determined with three observation points and two observation points was positively 
influenced by decreasing the interbearing angle (i.e., the angle formed by triangulation of 
two observer points to a bird’s spatial location). Residual analysis of a log-log regression 
of the effect of interbearing angle on deviation distance (log [interbearing angle] = - .61 
log [deviation distance] + 0.19, r 2 = 0.37, p < 0.001) showed that interbearing angles less 
than 45° produced the greatest deviation between locations. Based on this relationship. 
Whip-poor-will locations determined by interbearing angles less than 45° were 
eliminated from the analyses of data collected in the first year. Adaptive kernel home 
ranges (Worton 1989) were determined using Movement, Animal Movement Analysis 
Arcview Extension (Hooge et al. 1999) and ArcView 3.2 software (Ecological System 
Research Institute, copyright 1999). Least-squares cross validation (LSCV) (Silverman 
1986) was used to select smoothing parameters to calculate utilization distributions (i.e., 
the number of sample locations needed to adequately determine home range and 
eliminate outliers) for each replicate.
Adaptive kernel home ranges were calculated for 50, 75, and 95 % of the total 
utilization distributions. The effect of landscape type and year of study on home range 
size were examined using two-way analysis of variance (ANOVA) on 50 % and 75 % 
probability distributions. The effects of lunar illumination (two levels: moonface < 50 % 
and moonface > 50 % illuminated) on home range size were examined using the 95 % 
probability distribution. Geographical information system (GIS) coverage was used to 
determine habitat composition within home ranges, spatial position of individual 
relocations, and movement distance between successive relocations within the
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75 % utilization polygon. These data were also subdivided to compare space use and 
lunar illumination (two levels: moonface < 50 % and moonface > 50 % illuminated).
Results
A total of 4,416 nocturnal Whip-poor-will locations were recorded during the 
study. Whip-poor-wills were detected in 129 separate stands (mean = 6.3 ±3.5 SD 
stands per bird) ranging from 1 through 31 years old. Neither landscape configuration, 
year of study, or amount o f lunar illumination had a significant influence on home range 
size using 50% and 75% probability distributions (Tables 4 and 5 respectively) (Figure 
7). In addition, there was no significant interaction between landscape configuration and 
year detected. Home range size did show a considerable amount of variation within each 
landscape treatment. When 50 % probability distributions were considered, home ranges 
varied from 1.7 to 154.4 ha and from 1.1 to 94.2 ha in homogenous and heterogeneous 
landscapes respectively. Similarly, when 75 % probability distributions were examined, 
home range sizes ranged from 5.1 to 282.8 ha and from 2.3 to 165.6 ha in homogenous 
and heterogeneous landscapes respectively. The source and relevance of this variation 
remains unclear.
As with landscape configuration and year, the amount of lunar illumination had 
no significant effect on home range size (Table 6) (Figure 8). However, mean home 
ranges varied between factor levels by nearly two orders of magnitude. This difference 
was not statistically significant due to very high level of variation. Habitat composition 
of home ranges in heterogeneous landscapes was equally distributed between forest and 
adjacent open stands (t-test for dependent samples, tg = 0.77, P > 0.40) (Figure 9).
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Table 4. Results o f a two-way ANOVA for the effect of landscape type (two levels; 1) 
homogeneous 2) heterogeneous) and study year (two levels; 1) 2000 and 2) 2001) on 
variation of home range size. Home ranges were calculated based on 50 % of the total 
utilization distribution.
Source of 
variation
df SS MS F P
Landscape Type 1 1.37 1.366 0.001 >0.90
Year of Study 1 4645.8 4645.4 3.578 >0.05
Interaction 1 5.5 5.5 0.004 >0.90
Error 23 29861.9 5142.9
Table 5. Results of a two-way ANOVA for the effect o f landscape type (two levels; 1) 
homogeneous 2) heterogeneous) and study year (two levels; 1) 2000 and 2) 2001) on 
variation of home range size. Home ranges were calculated based on 75 % of the total 
utilization distribution.
Source of 
variation
df SS MS F P
Landscape Type 1 0.8 0.8 0.001 >0.90
Year of Study 1 3525.8 3525.8 0.685 >0.50
Interaction 1 8.2 8.2 0.001 >0.10
Error 23 118287.9 5142.9
Figure 7. Mean home range of radio-tracked Whip-poor-wills located in homogeneous 
(forested stands bordered by similar forested stands) and heterogeneous (forested stands 
bordered by open stands) landscapes: A) home range calculated based on 50 % of the 
total utilization distribution and B) home range calculated from 75 % of the total 
utilization distribution.
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Table 6 . Results of a two-way ANOVA for the effect o f lunar illumination (two levels; 
1) moonface < 50 % illuminated and 2) moonface > 50 % illuminated) landscape type 
(two levels; 1 ) homogeneous 2 ) heterogeneous) and on variation of home range size. 
Home ranges were calculated based on 95 % of the total utilization distribution.
Source of 
variation
df SS MS F P
Lunar illumination 1 4125.81 4124.81 0.11 >0.50
Landscape type 1 1138.52 1138.52 0.28 >0.50
Interaction 1 37719.64 37719.64 0.94 >0.10
Error 49 189472.22 40239.89
Figure 8 . Mean home range of radio-tracked Whip-poor-wills located in homogeneous 
(forested stands bordered by similar forested stands) and heterogeneous (forested stands 
bordered by open stands) landscapes when A) moonface < 50 % illuminated and B) 
moonface > 50 % illuminated. All home ranges calculations based on 95 % of the total 
utilization distribution.
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Figure 9. Habitat composition of home ranges for Whip-poor-wills (N = 16) occupying 
heterogeneous landscapes (forested stands bordered by open stands).
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Relocated Whip-poor-wills were detected with a significantly greater frequency in open 
habitat compared to adjacent forest patches (% i = 233.1, P < 0.001). An average of 60.3 
% (± 21.4 % SD) of all relocations were observed within the open habitats of these home 
ranges. The amount of lunar illumination had no significant effect on the mean 
percentage of open habitat composing the home range (t-test for dependent samples, fio = 
0.35, P > 0.70) and also had no significant effect on the frequency of relocated Whip- 
poor-wills in open habitat compared to adjacent forest patches (2 x2  contingency test, = 
0.13, P >  0.70).
Overall, Whip-poor-wills showed a strong preference for stand edges (i.e., edges 
created by logging roads in homogeneous landscapes and edges created by the boundary 
between forest stands and open clear-cuts in heterogeneous habitats) (Figure 10). Nearly 
60 % of relocations in each landscape type were distributed within 1 0 0  m of a logging 
road or the ecotone between forested and open habitat and over 85 % of relocations were 
detected within 200 m of these landmarks. Overall, these distributions were significantly
' j
different from that expected based on a random distribution of points (% i > 1 0 0 .0 , p < 
0.001 for all pairwise comparisons between observed and random distributions) (Figure 
11). Landscape configuration had a significant effect on the median distance of 
relocations from stand edges (K-S test, P < 0.01). Although the difference in median 
distance from edges between landscape types was only 7 m (median = 87.3 m and 80.0 m 
for homogenous and heterogeneous landscapes respectively), Whip-poor-wills were 
distributed closer to edges in heterogeneous landscapes compared to
Figure 10. Frequency distributions for the distances of relocated Whip-poor-wills from 
A) roadside edges in homogeneous landscapes, and B) the edge between forested stands 
and open stands.
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Figure 11. Comparison for the mean distance of relocated Whip-poor-will from 1) 
roadside edges in homogeneous landscapes, 2 ) the edge between open and forested 
habitats in heterogeneous landscapes, and the mean distance of random points from 
roadside edges and ecotone edges.
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homogenous landscapes. Lunar illumination also had a significant effect on relocation 
distance from edges in both landscape types (K-S test, P < 0.05 for both landscape 
comparisons) (Figure 12). In each landscape, Whip-poor-wills were distributed 7 m 
further away from edges when the moon was greater than half full compared to less than 
half full.
Activity Patterns
Both landscape configuration and lunar illumination had significant effects on the 
distance moved between successive relocations (K-S tests, all p values < 0.01). In 
general, movement distances between successive relocations were significantly greater in 
heterogeneous landscapes compared to homogenous landscapes (t 4103 = 2.28, p < 0.05) 
(Table 7). However, the effect of lunar illumination on movement distances varied 
between landscape types. Movement distances between successive were significantly 
greater when the moon was > 50 % illuminated for Whip-poor-wills in heterogeneous 
habitats (t2 130 = 2.9, p < 0.005). By comparison, lunar illumination had no significant 
effect on movement distances in homogenous landscapes (T971 = 0.89, p> 0.90).
The greater movement distances exhibited by Whip-poor-wills in heterogeneous habitats 
were due, in part, to significant variation in movement distances between open and 
forested habitats (ti649 = 10.9, p < 0.001). Movement distance was more than twice as 
great when Whip-poor-will were occupying forested portions o f their home range 
compared to when they occupied open habitats (Figure 13). This result was consistent 
during both periods of lunar light intensity.
Figure 12. Frequency distribution for the distance of relocated Whip-poor-wills from 
roadside edges in homogeneous landscapes and distance from edges between open and 
forested habitats in heterogeneous landscapes for periods when A) the moon is < 50 % 
illuminated, and B) the moon is > 50 % illuminated.
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Table 7. Mean distance moved between successive relocations of radio-tracked Whip- 
poor-wills in homogenous landscapes (forested stands bordered by similar forested 
stands), heterogeneous landscapes (forested stands bordered by open stands) and lunar 
illumination.
Landscape Type N Mean distance (ha) (± SD)
Homogenous 1675 102.2 ± 135.9
Lunar illumination < 50 % 1004 101.2 ± 139.4
Lunar illumination > 50 % 671 102.8 ± 130.2
Heterogeneous 1765 112.0 ± 142.5
Lunar illumination < 50 % 998 103.2 ± 132.6
Lunar illumination > 50 % 767 122.4 ± 154.1
Figure 13. Mean distance moved between successive observations of radio tracked 
Whip-poor-wills occupying heterogeneous landscapes (whisker bars indicate SD). Open 
habitats include regeneration stands that were 1-3 years old; forested habitats include 
stands that have been commercially thinned one or more times.
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Discussion
Home range varied over large orders of magnitude from 1.1 to 154.4 ha (50% 
ranges). However, landscape type (heterogeneous vs. homogeneous) did not have a 
systematic influence on home range size. The underlying source of this variation remains 
unclear. There may be a number of factors within the current investigation that may 
influence home range size, but it remains difficult to identify those that account for 
discrepancies between observed patterns and that expected based on density patterns 
collected during call-counts (Chapter 1) within the same study area. Density patterns 
from previous call-counts suggest that landscape arrays that contain 
both forested and open habitats represent higher density breeding habitats compared to 
forest-forest complexes. It is possible that the extensive system of roadways throughout 
the study area may moderate the influence of larger openings such as young plantations 
on distribution by providing open habitats along roadway corridors.
Birds were regularly flushed from roadbeds while driving at night throughout the site. In 
addition, many telemetry locations of birds within the forested landscapes were along 
roadways suggesting that these habitat elements may themselves provide openings used 
for foraging. Since radio-tracked birds were initially captured along logging roads, they 
may provide a somewhat biased account of overall space use. It is possible that birds 
positioned away from roads or in forest systems without forest openings may use the 
landscape differently. This possible explanation is generally compatible with the density 
pattern recorded from call-count surveys since roadways provide smaller open patches 
and thus could support fewer pairs than large regenerating stands. If roadways and 
regeneration stands were similar in quality in respects other than size, birds would exhibit
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an overall density bias without a difference in home range.
One complicating factor that may lead to disparity from predicted landscape 
patterns is that expected results are based on territory size patterns (i.e., the amount of 
space defended from intruders) rather than home range (i.e., the total amount of space 
used was during breeding) as measured here. Home range sizes are generally larger than 
the actual amount of space territorially defended. Overlap in breeding bird territories is 
commonly reported (Wiens et al. 1985, Wortman-Wunder 1997) particularly when 
intraspecific density is high (Myers et al. 1979, Adams 2001). This is a result of the 
tendency for individual birds to intrude neighboring territories to gain access to additional 
food resources or extra-pair copulations with other females. Systematic variation in the 
amount of territorial overlap attributed to landscape setting could be responsible for 
density patterns observed from call-count surveys and account for discrepancies between 
observations from the telemetry and call-count methods. Additionally, males can gain 
quick access to more females in areas where intraspecific density is higher (i.e., breeding 
territories are smaller). Because only one bird was tracked in each spatial replicate to 
maintain statistical independence overlap in home range between neighboring individuals 
was not estimated.
Another potential factor that may serve to conceal landscape effects on 
home range is that breeding location and disposition were not known for birds being 
tracked. Every effort was made to set up and capture birds early in the season to 
maximize the opportunity to capture actual territorial males. In addition, the technique 
used was to broadcast male advertising calls to draw birds into nets in an attempt to 
capture males responding to territorial intruders. However, confirmation of breeding was
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not obtained for the males captured. The number of mated verses unmated males in this 
population is not known. Because of this there is no way of determining whether or not 
the males tracked were actually breeding or when they were breeding. Differences in the 
breeding status of individuals could account for the large amount of unexplained 
variation observed and obscure any landscape-scale effects within the breeding 
population.
Lunar illumination has been suggested to be a major determinant of Whip-poor- 
will breeding and foraging activity (Mills 1986). Whip-poor-wills primarily forage on 
aerial prey using short, upward-directed flights initiated from or near the ground.
Foraging activity has been shown to increase with lunar light intensity and has been 
suggested to be an adaptation for exploiting back-lit insects (Mills 1986). Habitats that 
receive more lunar illumination may provide greater opportunities for visual detection of 
prey. The phenology of breeding activity has been suggested to be arranged so that the 
energetic demands of young are near a peak when light conditions for foraging are 
optimal. Results from the current investigation were consistent with this observation. 
Activity patterns based on distances moved between observations increased along with 
lunar light illumination. Within both landscape types movement rates increased by 20% 
when the moon was greater than half full compared to less than half full. However, the 
influence of illumination on distance moved between observations varied between 
landscape types. Birds within heterogeneous landscapes increased average movement 
distances when illumination was greater than 50%. Birds within homogeneous 
landscapes did not make longer movements under greater illumination. The difference in 
this response is further clarified by the fact that within heterogeneous landscapes,
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movement distances increased within open plantations but not within forest areas in 
response to greater illumination. The biological significance of differences in average 
movement distances with illumination is not clear aside from their representation of 
overall activity patterns.
The relatively high number of habitat openings created by forest regeneration 
practices, and the extensive linear openings created by logging roads and commercial row 
thinning provide Whip-poor-wills with foraging opportunities not present in less 
intensively managed forest systems. The use of open areas for foraging has been 
reported for Whip-poor-wills using open understory (Wilson 1985), forest gaps (Hall 
1983, Peterjohn and Rice 1991) and forest edges (Cooper 1982, Mills 1987, Chapter 1 
this thesis) as well as among other Caprimulgiformes (Cooper 1981, Cooper 1982, 
Alexander and Creswell 1990, Wang and Brigham 1997, Straight and Cooper 2000).
In this study, 50 % of the home range of birds in heterogeneous landscapes was 
composed of open habitat. The fact that Whip-poor-wills require resources that occur 
within distinctly different habitat types implies that their distribution and abundance is 
influenced by the spatial configuration of required patches within a broader landscape. 
This notion is consistent with the suggestion that Whip-poor-will density is highest in 
areas where required habitats exist in close proximity (Chapter 1 this volume). The use 
of open patches appears to allow Whip-poor-wills to supplement resources from nearby 
forested stands (Dunning et al. 1992). For species that utilize heterogeneous landscapes, 
the spatial association of habitat patches is an important characteristic determining 
distribution and abundance (Szaro and Jackie 1985, Pearson 1993, Watts 1996, Sisk et al. 
1997). This pattern suggests that Whip-poor-will distribution and overall population size
58
are under management control. However, information collected during the current study 
provides no evidence of systematic variation in home range suggesting that home range 
may not be under management control.
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